International infant mortality rates are known to vary widely, and the variability in rates has been attributed to a variety of factors. [1] [2] [3] [4] [5] Within the US, compared to other racial and ethnic groups, the indigenous populations of American Indians and Alaska Natives have low rates of neonatal mortality (death occurring in the first 27 days after birth) despite having relatively high rates of postneonatal mortality (death at age 28-364 days). For example, in 1995, there were 5.1 postneonatal deaths per 1000 American Indian or Alaska Native (AI/AN) births, compared with 2.6 for the US as a whole, while the neonatal mortality rate was 4.0 for AI/AN, compared with 4.9 for the US as a whole. 6 The low neonatal mortality rate among AI/AN has been a long-standing phenomenon observed across several years and geographical areas both in the US and in Canada. 7 Several studies have attributed the high postneonatal mortality rate among AI/AN to an excessive incidence of sudden infant death syndrome. [8] [9] [10] However, the incongruity between the high postneonatal mortality rate and the low neonatal mortality rate among AI/AN infants has received little comment.
Very low birthweight (VLBW) infants, those weighing Ͻ1500 g at birth, constitute most of the neonatal deaths in the US. Two-thirds (66%) of neonatal deaths in 1989-1991 were to VLBW infants, although only 1.3% of live births were VLBW. 6 Very low birthweight is associated with a number of demographic and behavioural risk factors, such as maternal smoking, having late or no prenatal care, multiple pregnancy (twin or higher-order), and low socioeconomic status. American Indian
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Are very low birthweight births among American Indians and Alaska Natives underregistered?
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Background International infant mortality rates vary widely. This variation has been attributed to many factors, including differential reporting. In the US, American Indians and Alaska Natives (AI/AN), who generally have low socioeconomic status, have a low neonatal mortality rate. One possible explanation is underregistration of very low birthweight (VLBW, Ͻ1500 g) births. We hypothesized that underregistration may occur disproportionately among AI/AN residing on or near reservations (areas controlled by an American Indian group). We estimated infant mortality in these areas.
Methods
Linked birth-infant death files for 1989-1991 were used to compare VLBW and neonatal mortality among AI/AN infants in counties with reservations with those in non-reservation counties. The VLBW rates for non-reservation counties were applied to the reservation risk distribution to calculate directly adjusted VLBW and neonatal mortality rates for reservation counties. This method assumes that greater registration in non-reservation counties yields a more accurate estimate of the relationship between risk factors and outcomes.
Results
Despite a higher prevalence in reservation counties of risk factors, the reported VLBW rate was 0.84% in reservation and 1.17% in non-reservation counties. The neonatal mortality rate was 5.4 per 1000 in reservation counties and 6.0 in non-reservation counties. Direct adjustment yielded a VLBW rate of 1.28% (95% CI : 1.14-1.39) and a neonatal mortality rate of 6.7-9.8 per 1000 in reservation counties.
Conclusions Reported neonatal mortality among AI/AN may understate the true rate due to underregistration of VLBW births. Direct adjustment may be useful in estimating infant mortality rates for populations with incomplete vital registration.
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Vital statistics, infant mortality, direct adjustment, American Indian, very low birthweight Given the relatively high rates of these demographic and behavioural risks, AI/AN infants would be expected to have a higher VLBW rate and neonatal mortality rate than the US as a whole. However, based on data from US birth certificates, 1.1% of AI/AN births were VLBW in 1995, compared with 1.4% for the US as a whole. 6 The relative infrequency of poor birth outcomes among AI/AN is curious given their risk profile.
One potential explanation for the surprisingly low VLBW and neonatal mortality rates among AI/AN is incomplete registration of birth certificates for VLBW infants, especially those who died shortly after birth. Though it is estimated that over 99% of all births occurring to US residents are registered, 11 there is evidence of variation in the completeness of registration between US subpopulations. For instance, the registration of infants with birthweight Ͻ500 g may vary by state; this variation will influence the reported state-specific neonatal mortality rates. 12 Similarly, Kleinman demonstrated that there is not always a clear distinction between the reporting of early neonatal and fetal deaths, 13 while Frost et al. found that, even in hospitals, not all deaths of VLBW infants are registered in the US. 14 Additionally, in the past, births of non-white infants occurring out of hospital were less likely to be registered, and underregistration of infant deaths has been identified as a possible problem among Mexican-American infants. 15 The National Center for Health Statistics estimated that for births in 1989, 99.4% of white births, compared with 98.5% of non-white births, were registered. 11 The purpose of this analysis was to investigate the possibility that the unexpectedly low neonatal mortality among AI/AN infants was due to underregistration of VLBW births and the associated early neonatal deaths in that population. Groups with underregistration of VLBW births and neonatal deaths will have reported VLBW and neonatal mortality rates that are lower than their actual rates.
Within the US, many AI/AN groups control geographical areas specific to the group, and are considered to be semi-autonomous nations. These geographical areas are called reservations. The VLBW and neonatal mortality rates among AI/AN infants residing on or near American Indian reservation lands were compared to AI/AN infants residing in counties without reservation lands. The hypothesis underlying the comparison is that AI/AN living on or near reservation lands may be less likely to deliver a preterm infant in the setting of a conventional US health care facility, thus increasing the probability of underregistration.
Methods
This analysis used the US Linked Files of Live Births and Infant Deaths, and a list provided by the US Bureau of the Census of counties containing American Indian lands, to investigate the VLBW rate and the neonatal mortality rate among AI/AN during 1989-1991. Three years of data were used to obtain numbers sufficient for analysis; 1989-1991 data were used because no national linked files were available for a more recent 3-year period. The use of linked birth and death certificates is necessary to avoid the misreporting of infant race for AI/AN infants that occurs when relying on the death certificate alone. 16 Geographical data were available on county of birth and county of residence. Births occurring in counties where there were American Indian lands (here called a 'reservation county') to a mother also residing in a reservation county were compared with births occurring in counties without American Indian lands ('non-reservation counties') to mothers also residing in nonreservation counties. Births which occurred in a reservation county to mothers residing in non-reservation counties, and non-reservation births to reservation-county residents, were excluded. Data were not available to determine whether the birth or residence were within the reservation boundaries. Results are reported here as 'reservation' and 'non-reservation' rates.
Very low birthweight rates (number of births Ͻ1500 g per 100 live births) and neonatal mortality rates (number of deaths before 28 days of age per 1000 live births) were calculated for AI/AN in reservation and non-reservation counties. Birthweight distributions for reservation and non-reservation counties and relative differences between the areas were calculated. In addition, maternal risk factors for poor infant outcome were tabulated for reservation and non-reservation counties. Variables examined were maternal education (Ͻ12 years, 12 years, Ͼ12 years), maternal age (Ͻ20, 20-29, 30+), timing of prenatal care initiation (first or second trimester of pregnancy versus third or none), multiple pregnancy status (singleton versus twin or higher-order), and maternal marital status. Cigarette smoking as a risk factor was not available for analysis in this study because 12 states, including California, Texas, and New York, as well as additional states with large AI/AN populations such as Oklahoma and South Dakota, did not adequately collect maternal smoking data on the birth certificate during this time period.
Because the hypothesis of this analysis was that underregistration occurred disproportionately among reservation county births, the assumption was that relationships between risk factors and infant outcome among non-reservation births were less subject to reporting bias and thus more representative of the true relationships. Very low birthweight rates were calculated for each combination of maternal risk factors among the non-reservation population. These rates were then applied to the reservation population to calculate a new estimated number of VLBW infants, via direct standardization.
The new estimated number of VLBW infants was used to calculate two estimates of a rate of neonatal mortality. The low estimate was calculated by applying the reported rate of neonatal mortality among VLBW infants to the adjusted population of infants, thus assuming that the unregistered VLBW infants were equally likely to die as the registered infants. The high estimate was calculated by assuming that the unregistered infants were not registered because they died shortly after birth: thus, all unregistered births would be neonatal deaths. Therefore, the additional VLBW births resulting from the direct adjustment were added to the number of registered neonatal deaths to calculate the new high estimate of the neonatal mortality rate.
Reported fetal death rates were compared for the reservation and non-reservation groups, to examine whether VLBW births might be differentially reported as fetal deaths in reservation and non-reservation counties.
The distribution of age of neonatal death among VLBW infants was also compared between the reservation and nonreservation groups, under the hypothesis that deaths occurring shortly after birth were less likely be registered than those occurring later during the neonatal period. A smaller percentage of VLBW deaths occurring shortly after birth in a particular group may be indicative of underregistration of VLBW births and deaths in that group.
Finally, a sensitivity analysis was performed through the examination of the rate of moderately low birthweight (MLBW, 1500-2499 g) births in reservation counties compared with non-reservation counties. Since MLBW infants are generally born later in gestation than VLBW infants and have a greater chance of survival, their registration may be more complete. Therefore, if there was differential registration between the reservation and non-reservation counties, the differences should be less marked between the MLBW rates than the VLBW rates.
Results
During 1989-1991, there were 110 812 AI/AN births available for analysis after exclusion of 6562 births in which reservation status of the counties of residence and birth did not match. Twothirds (66.2%) of the remaining births were in reservation counties. Table 1 presents distributions of maternal risk factors for poor infant outcome as well as birthweight distributions among infants in reservation and non-reservation counties. Mothers in non-reservation counties had a slightly higher education level than those in reservation counties. Age distributions were similar between the groups. Multiple pregnancies were slightly more common in non-reservation counties. Mothers in reservation counties were more likely to have obtained late or no prenatal care and were less likely to be married at the time of delivery than those in non-reservation counties.
Birthweight distributions are presented in Table 2 . There were fewer infants Ͻ1500 g in reservation counties compared with non-reservation counties. Relative differences in the birthweight distribution between reservation and non-reservation counties were greatest among infants of Ͻ1500 g. Relative differences were small among infants of у2000 g.
In general, VLBW and neonatal mortality were most common among infants born to mothers with less education, among the infants of the youngest and oldest mothers, among multiple pregnancies, and among those whose mothers did not attend early prenatal care ( Table 3 ). The reported rate of VLBW was 40% higher in non-reservation counties than in reservation counties (1.2% versus 0.8%). Neonatal mortality rates were somewhat higher among infants in non-reservation counties than among those in reservation counties (6.0 versus 5.4 per 1000). Overall, the relationships between risk factors and outcomes were in the expected direction among reservation and non-reservation births, though for each category the rates were generally higher among the non-reservation births.
Adjustment of non-reservation rates to the reservation risk profile resulted in an adjusted VLBW rate of 1.3% among the reservation county population (Table 4) , in contrast to the observed rate of 0.8. This result was based on an estimated 323 unregistered VLBW births among the AI/AN reservation county residents. Using this adjusted VLBW rate, the neonatal mortality rate increased from the observed 5.4 deaths per 1000 to between 6.7 deaths per 1000 (low estimate) and 9.8 deaths per 1000 (high estimate).
Fetal death rates were slightly higher in non-reservation counties than in reservation counties. In 1989-1991, there were 12.3 fetal deaths for every 1000 births plus fetal deaths in non-reservation counties, compared with 10.7 for reservation counties.
Age-specific mortality rates were higher among nonreservation than reservation county infants in the first day of life and in the postneonatal period (Table 5) . Non-reservation infants had an infant mortality rate 1.3 times as high as reservation infants for deaths in the first h of life and 1.2 times as high from 1-23 hours. Rates were similar from day 1 through 27.
The sensitivity analysis found a reported MLBW rate of 4.8% in reservation counties (Table 6 ). After adjustment to the risk profile of the non-reservation population, the rate increased to 5.4%. While the adjusted MLBW rate was higher than the observed rate, the disparity was not as great as that seen among VLBW infants; when adjusted the VLBW rate increased approximately 63%, while the MLBW rate increased by 13%.
Discussion
This analysis found that the risk of VLBW and the risk of neonatal mortality were lower among AI/AN residing in counties with reservation lands than in non-reservation counties, though reservation county residents had a higher prevalence of maternal risk factors for VLBW and neonatal death. When VLBW and neonatal mortality rates in reservation counties were standardized to the risk relationships among women in non-reservation counties, the VLBW and neonatal mortality rates in reservation counties increased substantially. In addition, birthweight distributions varied substantially between reservation and non-reservation counties only among VLBW infants. While the results of this analysis are not definitive, they suggest that underregistration of VLBW infants may help to explain the surprisingly low VLBW and neonatal mortality rates among AI/AN. This interpretation of the results is supported by additional information presented in the analysis.
VERY LOW BIRTHWEIGHT UNDERREGISTRATION 1099 Compared with infants in non-reservation counties, a smaller proportion of VLBW infants in reservation counties were reported to have died shortly after birth. Though this finding does not provide direct evidence, it may indicate greater underregistration of early neonatal deaths among reservation infants. Reservation infants are likely to be more distant from the high level neonatal intensive care services 17 which improve early survival of preterm infants. 18, 19 The lower fetal death rate among reservation counties compared with non-reservation counties suggested that VLBW infants who died shortly after birth were not being registered as fetal deaths rather than as live births. The lower fetal death rate in reservation counties might suggest a similar form of underregistration for fetal deaths as for VLBW live births in reservation counties.
Finally, the relationship between the reported and adjusted VLBW and MLBW rates supports the hypothesis of less complete registration of small infants in reservation counties relative to non-reservation counties. Since MLBW infants are less likely than VLBW to die shortly after birth, 20 one would expect there to be less underregistration of MLBW births. The relatively close agreement between the reported reservation rate and the adjusted rate support that possibility, when compared to the large difference between the reported and adjusted rates among VLBW infants.
This analysis assumed that births, deaths, and birthweight among AI/AN residing in counties without a reservation were reported accurately, while those in reservation counties were underreported. Such an assumption is likely to have overstated the validity of non-reservation registration. Many counties without official recognition of American Indian lands but with a substantial AI/AN population, such as parts of Alaska, may be medically isolated and thus perhaps less likely to have full registration of vital statistics. Thus, using the non-reservation counties as a gold standard may have produced a conservative estimate of underregistration of births. However, the counties without reservation lands may resemble more closely the registration available to Americans of other races, since the geographical distribution is closer to that of other races, so the accuracy level may be more likely to reflect that of rates reported for other groups.
Very low birthweight births are the infants most vulnerable to long-term poor sequelae and early neonatal death. If the adjusted VLBW estimate for the reservation counties is accurate, the overall AI/AN population had a VLBW rate of 1.2 in 1989-1991, substantially higher than the rate of 1.0 reported from birth certificates. Similarly, the estimated neonatal mortality rate among the AI/AN population was between 25% and 80% higher than the reported rate of 5.4. The complete reporting of all VLBW births and deaths within specific populations is necessary to ensure accurate comparisons between populations. Direct adjustment may be a useful tool for improving the comparability of infant mortality rates among populations with incomplete vital record registration. c 'Reported' rates are those observed in vital records. 'Adjusted' rates apply non-reservation rates to reservation county populations, adjusting for maternal education, maternal age, proportion of multiple pregnancies, maternal marital status, and having late or no prenatal care.
